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[57] ABSTRACT 

A new infrared-to-visible up-conversion material is pro- 
vided which can be applied to an infrared light identification 
element having a useful conversion efficiency and sensitivity 
for infrared light in the wavelength of 1.5 ^un band, 0.98 \im 
band and 0.8 pm band without the necessity of previous 
excitation of the material. This infrared-to-visible up-con- 
version material consists of an inorganic material compris- 
ing at least two elements of erbium (Er) and a halogen or 
compounds thereof. 

13 Claims, 15 Drawing Sheets 
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INFRARED-Td-VISIBLE UP-CONVERSION 
MATERIAL 

This application is a continuatioii of now abandoned 
application. Ser. No. 08/058,144. filed May 10, 1993. 5 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 
This invention relates to an infrared-to-visible up-conver- 

sion material capable of emitting a reradiated light (fluores- 
cence) containing spectral components in the visible range 
upon irradiation by infrared light. In particular, it is con- 
cerned with an infrared-to-visible up-conversion material 15 
which can be applied to an infrared light identification 
element having a useful conversion efficiency and sensitivity 
to infrared light in the wavelengths of 1 .5 urn band, 0.98 \sm 
band and 0,8 pan band without a necessity of pre-excitation 
of the material. 20 

2. Description of the Related Art 

Recently demands for elements for detecting infrared 
light are increasing. Applications include detection of a 
beam position of emitting elements such as laser, LD, LED, 
etc., pattern identification of mode shapes, etc., searclnng for 
a broken point in an optical fiber cable, etc. Systems 
available for these applications can roughly be classified into 
a pure electric system, e.g. optical power meter using a 
semiconductor photodiode, and a visually detectable system 
using vidicon, image intensifier, IR excitable phospor. etc. 

The pure electric system has high sensitivity, but has a 
disadvantage that visual detection is impossible. On the 
other hand, the vidicon or image intensifier has a disadvan- 
tage that the sensitivity is insufficient and the production cost 
is higher. Accordingly, a system has been considered prom- 
ising using an infrared-to-visible up-conversion material 
such as infrared-excitable phosphors, having visual detect- 
ability, relatively high conversion efficiency and sensitivity 
and lower expense. ^ 

A phosphor is generally excited by a suitable excitation 
source. In the emitted light from the excited phosphor, 
various spectroscopic distributions can be provided depend- 
ing upon the variety of the phosphor. Therefore, the phos- 
phor can be applied to various application fields by combi- 45 
nation with a siutable excitation source. Above all, a 
material called "infrared-excitable phosphor** is known as a 
wavelength up-conversion phosphor of from infrared to 
visible light. For the anti-Stokes-wise wavelengUi conver- 
sion of from such infrared light to visible light having a 50 
markedly large photon energy, it is required to well choose 
the relationship between the property and excitation wave- 
length of a material. 

As the infrared-io-visible wavelength up-conversion 
material of the prior art, an IR Sensor Card (commercial 55 
name, made by QUANTEX Co.) has well been known. This 
IR Sensor Cord emits red light or blue-green light under 
infrared irradiation depending on the material of the phos- 
phor. For this sensor, a previous excitation is required before 
irradiation of infrared light (although possible by room light) 60 
and infrared light-excitation is first possible through this 
previous excitation process. Whdn infrared light is continu- 
ously irradiated on this infrared light detecting element, 
however, there arises a problem that the conversion effi- 
ciency is varied with passage of time, although reversible, 65 
and the emission intensity of visible light is gradually 
lowered. 



On the other hand, infirared-to-visiblc wavelength up- 
conversion materials not needing previous excitation have 
been reported, typical of which arc YF3; Er, Yb; Y3OCI7; Er. 
Tb (H. Kuroda et al. J. Phys. Soc. Jpn.; Vol, 33, No. 1, 1972, 
pp 125-141), NaLnF^; Er, Yb (Ln: Y; Gd, La) (T. Kano ct 
al. J. Electrochent Soc, Vol. 119, No. 11, 1972. pp 
1561-1564); Ba Y^Fg: Er. Yb (Y. Mita et al. Appl. Phys. 
Utt., Vol. 23, No. 4, 1973, pp. 173-175), (PhF^-^GeOJ: Er, 
Yb, (PbFj— GeOj): Tm, Yb (F. Auzel et al.. J. Electrochem. 
Soc., Vol. 122. No. 1, 1975, pp. 101-107). These materials 
utilize the multiphoton excitation of rare earth ions (mainly 
Er^* ion). 

However, the above described materials utilizing the 
multiphoton excitation of rare earth ions each have a low 
conversion efficiency of infrared light and low sensitivity. As 
described above, the prior art has the disadvantages that a 
previous excitation is required before irradiation of infrared 
light and when infrared light is continuously irradiated, the 
emitting intensity of visible light is gradually lowered. Even 
if a previous excitation is not reqtiired, the conversion 
efficiency and sensitivity are low. 



SUMMARY OF TOE INVENTION 

It is an object of the present invention to provide an 
infrared-to-visible wavelength up-conversion material 
whereby the problems of the prior art can be solved and 
which is capable of emitting a reradiated light containing 
spectra] components in the visible range upon by irradiation 
infrared light. 

It is another object of the present invention to provide an 
infrared-to-visible up-conversion material which can be 
applied to an infrared light detecting element having a useful 
conversion efficiency and sensitivity for infrared light in the 
wavelengths 1.5 ^m band, 0.98 \mi band and 0.8 pm band 
without the necessity of previous excitation. 

These objects can be attained by an infrared-to-visible 
wavelength up-conversion material consisting of an inor- 
ganic material comprising at least two elements of erbium 
(Er) and halogens or compounds thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings are to illustrate the principle 
and merits of the present invention in detail. 

FIG. 1 is an example of an emission spectrum when 
Example 1 of the infrared-to-visible up-conversion material 
of the present invention is excited by an infrared light of 
wavelength 1.5 jinx 

FIG. 2 is an example of an emission spectrum when a 
commercially available infrared-to-visible up-conversion 
material of die prior art is irradiated by an infrared light of 
wavelength 1.5 pia 

FIG. 3 is a 4f electron energy level of Er (3+) ion showing 
a 545 nm emission process when an infrared-to-visible 
wavelength up-conversion material giving the above 
described emission spectrum of Example 1 is excited by an 
infrared light of wavelength 1.5 jim band. 

FIG. 4 is an emission spectrum of Example 2 of the 
infrared-to-visible up-conversion material according to the 
present invention. 

FIG. 5 is an emission spectrum of Example 3 of the 
infrared-to-visible up-conversion material according to the 
present invention. 
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FIG. 6 is an emission spectnim of Example 4 of the 
infrared-to-visible up-conversion material according to the 
present invention. 

FIG. 7 is an emission spectrum of Example 5 of the 
infrared-to-visible up-convcrsion material according to the 5 
present invention. 

FIG. 8 is an example of an emission spectrum when 
Example 6 of the infrarcd-to-visible up-conversion material 
of the present invention is excited by an infrared light of 
wavelength 0.98 ixm. 10 

FIG. 9 is an example of an emission spectnim when a 
commercially available infrared-to-visible up-conversion 
material of the prior art is irradiated by an infrared light of 
wavelength 0.98 jim band. 

FIG. 10 is a graph showing the relationship between the 
peak intensity at 540-550 nm and Er concentration when the 
infr^d-to-visible up-conversion material of the present 
invention is excited by an infrared light of wavelength 1.5 

20 

FIG. 11 is an example of an excited spectrum in the 
wavelength of 1.5 \xm band of the infrarcd-to- visible up- 
conversion material of the present invention. 

FIG. 12 is an example of an emission spectrum obtained 
when the infrared-to-visible up-conversion material of the 25 
present invention is excited by an infi^d light of wave- 
length 0.8 \an. 

FIG. 13 is an example of an emission spectmm obtained 
when an infrared-to- visible up-conversion material used in a 
commercially available IR sensor card (IR Catcher-Mark 2 30 
— commercial name — ^made by Tokin Corp.) is irradiated by 
an infrared light of wavelength 0.8 |im band. 

FIG. 14 is a graph showing the relationship between the 
peak intensity at 540-550 nm and Er concentration when the 
infrared-to-visible up-conversion material of the present 
invention is excited by an infrared light of wavelength 0.8 
lam. 

FIG. 15 is an emission spectrum obtained when the 
infrared-to-visible up-conversion material of Example 9 is ^ 
irradiated by an LD light of wavelength 1.5 pm. 

FIG. 16 is an emission spectrum obtained when an 
infrared-to-visible up-conversion material used in a com- 
mercially available article (IR Catcher-Mark II, made by 
Tokin Corp.) is irradiated by an LD light of wavelength 1.5 45 
Mm band. 

FIG. 17 is an emission spectrum obtained when the 
infrared-io- visible up-conversion material of Example 10 is 
irradiated by an LD light of wavelength 1 .5 ^m band, 

FIG. 18 is an emission spectrum obtained when the ^0 
infrared-io-visible up-conversion material of Example 11 is 
irradiated by an LD light of wavelength 1.5 \im band. 

FIG. 19 is an emission spcctnmi obtained when the 
infrared-to- visible up-conversion material of Example 12 is 
irradiated by an LD light of wavelength 1.5 fmi band. 

FIG. 20 is an emission spectrum obtained when the 
infr^ired-to- visible up-conversion material of Example 13 is 
irradiated by an LD light of wavelength 1.5 ^m band. 

RG. 21 is an emission spectrum obtained when the 
infiared-lo-visible up-conversion material used in a com- 
mercially available article (IR Catcher-Mark n, made by 
Tbkin Corp.) is irradiated by and LD light of wavelength 1.5 
pm band. 

FIG. 22 is an emission spectrum obtained when the 65 
infrared-to- visible up-conversion material of Example 14 is 
irradiated by an LD light of wavelength 1.5 jmi band. 
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HG. 23 is an emission spectrum obtained when the 
infrared- to- visible up-conversion material of Example 15 is 
irradiated by an LD light of wavelength 1.5 pm band. 

FIG. 24 is an emission spectrum obtained when the 
infrared- to- visible up-conversion material of Example 16 is 
irradiated by an LD light of wavelength 1 5 pm band. 

FIG. 25 is an emission spectrum obtained when the 
infrared-to-visible up-conversion material of Example 17 is 
irradiated by an LD light of wavelength 1.5 pm band. 

FIG. 26 is an emission spectnmi obtained when the 
infrared-to- visible up-conversion material of Example 1 8 is 
irradiated by an LD light of wavelength 1.5 pm band, 

FIG. 27 is an emission spectrum obtained when the 
infrared-to-visible up-conversion material of Example 19 is 
irradiated by an LD light of wavelength 1 .5 pm band. 

DETAIL£D DESCRIPTION OF THE 
INVENTION 

The inventors have made various efforts to develop an 
infrared-to-visible wavelength up-conversion material to be 
applied to an infrared light detecting element having a uscfiil 
conversion efiadency and sensitivity for infrared lights and, 
consequently, have found an infrared-to- visible wavelength 
up-conversion material consisting of an inorganic material 
comprising at least two elements of erbium (Er) and halo- 
gens or compounds thereof. 

When the halogen is chlorine in the above described 
material, this material contains any element of yttrium (Y), 
lead (Pb), potassium (K), barium (Ba), sodium (Na) and 
silver (Ag) or any compound of these elements exclusive of 
the oxides thereof. 

-When the halogen is bromine in. the above described 
material, this material contains any element of yttrium (Y). 
potassium (K) and lead (Pb) or any compoimd of these 
elements exclusive of the oxides thereof. 

When the halogen is iodine in the above described mate- 
rial, this material contains any element of yttrium (Y), 
cesium (Cs) and potassium (K) or any compound of these 
elements exclusive of the oxides thereof. 

The emission property of rare earth ions in a solid are 
strongly dependent on Uie concentration of the rare earth 
ions themselves and on a matrix surroimding the rare earth 
ions. As a matrix material utilizing the multiphoton excita- 
tion of rare earth ions, there have been used fluorides, 
oxyfluorides and oxychlorides. According to the present 
invention, an infrared-to-visible up-convexsion material 
having a higher conversion efficiency than the materials of 
the prior art is obtained by finding a new matrix containing 
no oxygen, as described above, and having a capacity of 
uniformly accomodating rare earth ions (Er^-i-) in a large 
amount. That is, the infrared-to-visible up-conversion mate- 
rial of the present invention contains at least Er or halides 
thereof, such as chloride, bromide and iodide, as additives 
playing a predominant role of emission, and at least Y and 
halogens or compotmds thereof free from oxygen, Pb and 
halogens or compounds thereof free from oxygen, K and 
halogens or compounds thereof free frx)m oxygen, Ba and 
halogens or compounds thereof free from oxygen, Na and 
halogens or compounds thereoflree from oxygen, Ag and 
halogens or compounds thereof free from oxygen, or two or 
more of Y, Pb, K, Ba, Na and Ag and halogens or compounds 
thereof free from oxygen, as a matrix material. Herein, the 
compounds free ftom oxygen include halides such as bro- 
mides and iodides- Specifically, the matrix material includes 
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at least one of Y, K and Pb, bromides or non-oxides thereof, 
or at least one of Y, Cs and K, iodides or non-oxides thereof. 

In summary, the infrared-to-visible up-conversion mate- 
rial of the present invention consists of & and halogens, and 
optionally at least one element of Y, Pb, K, Ba, Na and Ag, 
or compounds thereof free firom oxygen and thus can be 
prepared by mixing these materials in a predetermined 
proportion and then calcining the mixture. 

Specifically, the inirared-to-visible wavelength up-con- 
version material of the present invention consists of an 
inorganic material comprising: 



Era, 


0.5 to 40 mol % 


R2JC Earth Chloride exclusive 


Q to 80 mol % (preferably 5 to 80 


ofEKHa (e.g. Yd^) 


mol %) 


Alkaline Earth Chloride 


0 to 80 mol % (preferably 5 to 80 


(e.g. BaQz) 


mol %) 


Alkali Metal Chloride 


0 to SO mol % (preferably S to 80 


(e.g. NaQ) 


mol %) 


PbClj 


0 to 60 mol % (preferably 2 to 60 




mol %) 


CdQj 


0 to 70 mol % (preferably 2 to 70 




mol %) 


Aga 


0 to 40 mol % (preferably 2 to 40 




mol %) 


CuCl 


0 to 50 mol % (preferably 2 to 50 




mol %) 
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When the above described inorganic material contains only 
ErClj, the amount thereof is preferably 10 to 35 mol %, and 
when simultaneously containing ErClj and YbCl3, 10 to 40 
mol % of YbCl3 and 0.5 to 10 mol % of ErClg are preferable, 30 



ErBr, 


0.5 to 50 mol % 


Rare Earth Bromide excluisve 


0 to 70 mol 9fa (preferably 5 to 70 


of ErBrj (eg. YBr,) 


mol %) 


Alkaline Earth Bromide 


0 to 80 mol % (preferably 5 to 80" 


(e.g. BaBfi) 


mol %) 


Alkali Metal Bromide 


0 to 70 mol % (preferably 5 lo 70 


(e.g. NaBr) 


mol %) 


PbBrj 


0 to 60 mol % (preferably 5 to 60 




mol %} 


CdBr2 


0 to 50 mol % (preferably 5 to 50 




mol %) 


AgBr 


0 to 50 mol % (preferably 5 to 50 




mol %) 


CuBr 


0 to 60 mol % (preferably 5 to 60 




mol %) 



When the above described inorganic material contains only 
ErBra, the amount thereof is preferably 10 to 45 mol %, and 
when simultaneously containing ErBrj and YbBr3, 15 to 50 
mol % of YbBrj and 1 to 10 mol % of ErBrg are preferable. 



Erij 


0.5 to 60 mol % 


Raic Earth Iodide exclusive 


0 to 70 mol % (preferably 5 to 80 


of Erl3 (e.g. YI3) 


mol %) 


Alkaline Earth lodxdt 


0 to 80 mol % (preferably 5 to 80 


(e.g. Bal^) 


mol %) 


Alkali Metal Bromide 


0 to 70 mol % (preferably 5 to 70 


(e.g. Csl) 


mol %) 


Pbla 


0 to 60 mol % (preferably 5 to 60 




mol %) 


Ag] 


0 to 60 mol % (preferably 5 to 60 




mol %) 


Cul 


0 to 60 mol % (preferably 5 to 60 




mol %) 


Cdl 


0 to 50 mol % (preferably 5 to SO 




mol %) 



In FIG. 1 is shown an example of an emission spectrum 
when the infrared-to-visible up-conversion material of the 
present invention is excited by an infrared light of wave- 



length 1 .5 \im. The emission peak wavelengths in FIG. 1 are 
405-415 nm, 520-550 nm, 650-670 nm and 790-830 nm. 
Above all, the emission intensity of 520-550 nm is the 
strongest and this is perceived as green light by the naked 
5 eye. FIG. 2 is an example of an emission spectrum obtained 
when an infirared-to-visible up-conversion material (Er(3"*^)- 
containing fluoride) used in a commercially available article 
(IR Catcher-Mark 2 — conmiercial name — made by Tokin 
Corp.) is inadiated by an infrared light of wavelength 1,5 (im 
10 band. In comparison of the emission spectra of FIG. 1 and 
FiG, 2, the emission spectrum in FIG. 1 tells that the 
emission intensities of 520-550 imi and 405-415 nm are 
increased and the emission intensity of 650-670 nm is 
decreased. Of these emission peaks, the intensity (spectral 
15 luminous efiBcacy) that humans visually feel bright is, for 
100 at a wavelength of 555 nm, about 97.5 at 520-550 nm 
and about 6.5 at 650-670 nm. This teUs that a human's eye 
has, at 520-550 nm, a sensitivity of 15 times higher than at 
650-670 nm and briefly teaches that when the emission peak 
intensity of 520-550 nm is enhanced by two times, a similar 
brighmess can be felt even if the emission intensity at 
650-670 nm is lowered to V30. Therefore, the increase of the 
emission peak intensity at 520-550 nm more than makes up 
for the decrease of the emission peak intensity at 650-670 
nm. It will clearly be understood from the above described 
results that the infrared-to- visible up-conversion material of 
the present invention is capable of markedly increasing the 
conversion efficiency in the 1.5 ^m band to visible range 
wavelength up-convcrsion, as compared with the materials 
of the prior ait. 

The present invention will now be illustrated in detail by 
the accompanying drawings and following examples: 

The present invention and benefits obtained thereby are 
not intended to be limited by the materials, compositions and 
preparation methods described in the foUowing examples. 
Similar benefits can also be obtained in cases, for example, 
where Er is added, as other compoimds or single element, to 
the material used in the present invention, where the con- 
centration of the addition of Er is varied, where other 
impurity elements such as Yb as a sensitizer are simulta- 
neously added, where the matrix composition is varied, for 
example, Y is replaced by other rare earth elements such as 
La, Gd, Lu, etc., Ba is replaced by other alkaline earth 
elements such as Ca, Sr, etc., Pb is replaced by other heavy 
45 metals such as Tl, Bi, etc. and K or Na is replaced by other 
alkali elements or alkaline earth elements such as Ba and 
where the matrix further contains other compounds. Fur- 
thermore, even when instead of the LD light source, another 
emission element having a similar emission spectrum com- 
ponent is used, similar effects can of course be obtained The 
infrared-to-visible up-conversion material of the present 
invention has, in addition to 1.5 jmi band, a high sensitivity 
for infrared light of 0.98 Mm band and 0.8 }jm band. 

It will be obvious to those skilled in the art that various 
changes and modifications can be made in the components, 
ratios, operational orders and the like without departing 
from the spirit of the present invention. Therefore, the 
present invention should not be construed as being limited to 
the following examples. 

EXAMPLE 1 

One embodiment of the infrared-to- visible up-conversion 
material giving an emission spectmm.as shown in FIG. 1 
65 was prepared by the following procedure. CommerciaUy 
available powdered reagents, ErOj, YCI3, BaQj and PbClj 
(all powders being of at least 3N) were weighed in a 
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predetermined proportion (e.g. EiCl3:YCl3:Baa2:PbCl2= 
20:15:35:30 mol %), pulverized in a mortar and simulta- 
neously grounded and mixed. The resulting mixed powders 
vf3s charged in a crucible of glassy carbon and charged in an 
electric furnace mairitained at 650° C, the temperature of 
the electric furnace being raised. The mixture was main- 
tained at a calcination temperature of 950° C. for 1 hour and 
adequately reacted, the temperature being gradually lowered 
at a rate of 5° C7min. When the furnace temperature was 
lowered to about 650° C. the reacted mixture was taken as 
a sample. During the calcination, mixed gases of CCI4+N2 
(or CI2) was flowed in the furnace and contamination of 
oxygen or moisture was prevented to maintain an atmo- 
sphere for chlorination of oxides contained in the raw 
material. In order to prevent the raw material from oxidation 
due to contacting with oxygen or moisture, aU the proce- 
dures of weighing of the reagents, preparation, melting and 
sintering were carried out in an or Ar gas atmosphere. As 
the crucible, there could be used those of quartz, platinum or 
gold in addition to that of glassy cadson. 

When raw materials of pure chlorides were not used, for 
example, oxide raw materials of ErjOg, Y^Oj, BaCOj, etc. 
was mixed, chaiged in a crucible of glassy carbon or 
platinum, heated in an atmospheric furnace at a high tem- 
perature while flowing a strongly reactive gas such as HCl 
or CI2 therethrough and ejecting chlorination reaction 
thereof, thus obtaining a similar infirared-to-visible up-con- 
version material. 

The thus prepared infirared-to- visible up-conversion mate- 
rial was excited by and LD light of 1 .5 (power of 5 mW) 
to obtain an emission spectrum shown in HG. 1. On the 
other hand, an infrared-to-visible up-conversion material 
(Er(3+) containing fluoride) used in a commercially avail- 
able article (IR Catcher-Mark 2 — commercial name — made 
by Tokin Corp.) was similariy irradiated by an infrared light 
of wavelength 1.5 \im band to obtain an emission spectrum 
shown in FIG. 2. FIG. 3 shows a 4f electron energy level of 
Er (3+) ion. In the emission spectra shown in FIG. 1 and 
FIG. 2, each of the peaks at 410 nm, 522 nm, 545 nm, 660 
nm and 800 nm is an emission by the radiative transition of ^ 
an excited level of 4f electron of Er (3+) ion to the ground 
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level, i.e. H9/2 " 
and % 

nm in the emission spectrum in FIG. 1 is enhanced by about 
9 times as large as the same peak intensity of FIG. 2. 

An example of the mechanism which is considered as, for 
example, 15 |im to 545 pm up-conversion process will be 
shown in the following. As shown in FIG. 3, there are caused 
a transition of from the ground level i^lisn) °f eleoron of 
Er (3+) ion to the excited level C^i^n) tbe transition of 
from the above described excited level to the above 
described ground level Clisn. ^'^hsn) by inadiation of an 
infrared light of 1 .5 ^m. During the same time, the transition 
energy is transferred to another Ec (3+) ion by non-radiation 
to cause two stage excitadon of from the excited level 
(^Ii3^) to the further upper excited level (%/2). By the 
siniilar energy transfer, thiee-stagewise excitation is caused 
from the excited level of Er (3+) ion to the further 
upper excited level (^HuyJ. Thus, an emission of 545 nm is 
obtained by relaxation of from the above described excited 
level (^Hji^ to the just below level C^S^^ through non- 
radiation and transition of this level to the ground level 

Since the chloride material of the present invention has a 
smaller phonon energy of the matrix than the oxide or 
fluoride materials of the prior art, the non-radiative transi- 
tion of from the excited level to the just below level hardly 
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takes place and the life time is lengthened at the excited 
level, whereby the green emission at 545 nm is rendered 
stronger as compared with the prior art materials. From this 
point of view, not only oxide materials but also fluoride 
materials cannot be said preferable. 

In this example, the material was prepared by a solid or 
liquid phase reaction, but when it was prepared by a gaseous 
phase reaction such as vacuum vapor deposition, sputtering 
vapor deposition or chemical vapor deposition (CVD), the 
similar effects were obtained. 

EXAMPLE 2 

An infrared-to-visible up-conversion material was pre- 
pared in an analogous manner to Example 1 except using a 
material composition of ErClg: YC\-^: BaClj: NaCl2= 
20:15:30:35 mol % and was excited by an LD light of 1 .5 jim 
(power of 5 mW) to obtain an emission spectrum shown in 
FIG. 4 at that time. In this example, similar advantages to 
Example 1 were also obtained and the peak intensity of 
520-550 nm in the emission spectrum in FIG. 4 was 
enhanced by about 2 times or more as large as the same peak 
intensity of the prior art article of FIG. 2. 

EXAMPLE 3 

An infrared-to-visible up-conversion material was pre- 
pared in an analogous manner to Example 1 except using a 
material composition of ErCls: YQj: BaClj =30:40:30 mol 
% and was excited by an LD light of 1.5 pm (power of 5 
mW) to obtain an emission spectrum shown in FIG. 5 at that 
time. In this example, similar advantages to Example 1 were 
also obtained and the peak intensity of 520-550 nm in the 
emission spectrum in FIG. 5 was enhanced by about 1.5 
times or more as large as the same peak intensity of the prior 
art article of FIG. 2. 

EXAMPLE 4 

An infrared-io-visible uphconversion material was pre- 
pared in an analogous manner to Example 1 except using a 
material composition of EiCi^: YCI3: KQ: AgCl= 
20:20:30:30 mol % and was excited by an LD light of 1^ ^m 
(power of 5 mW) to obtain an emission spectrum shown in 
FIG. 6 at that time. In this example, similar advantages to 
Example 1 were also obtained and the peak intensity of 
520-550 nm in the emission spectrum in FIG. 6 was 
enhanced by about 2 times or more as large as the same peak 
intensity of the prior art article of FIG. 2. 

EXAMPLE 5 

An infrared-to-visible up-conversion material was pre- 
pared in an analogous manner to Example 1 except using a 
material composition of ErClj: YCI3: PbCla :KC1= 
20:20:35:25 mol % and was excited by an LD light of 1 .5 pm 
(power of 5 mW) to obtain an emission spectrum shown in 
FIG. 7 at that time. In this example, similar advantages to 
Example 1 were also obtained and the peak intensity of 
520-550 nm in the emission spectrum in FIG. 7 was 
enhanced by about 16 times or more as large as the same 
peak intensity of the prior art article of FIG. 2, At this time, 
the peak intensity of 650-670 nm was also enhanced. 

EXAMPLE 6 

An infrared-to-visible up-conversion material was pre- 
pared in an analogous manner to Example 1 except using a 
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KC1=20:20:35:25 mol % and was excited by an LD light of 
0.98 \m\ (power of 5 mW) to obtain an emission spectrum 
shown in FIG. 8 at that time. The emission spectrum of a 
commercially available article by the same measurement 
method is shown in HG. 9. In comparison of the emission 3 
spectnun of FIG. 8 according to the present invention with 
that of FIG. 9, the peak intensity of 520-550 nm is decreased 
and the peak intensity of 650-670 nm is increased. The more 
characteristic matter is that the strongest peak is observed at 
496 nm, which is not observed in FIG. 9. This emission is 10 
due to the transition of Er (3+) ion, ^F-jf2 ~>\s/2' In tbe prior 
art material, the emission components at the shorter wave- 
lengths were up to green, while in this Example, a blue- 
green strong emission was obtained at the higher energy 
side. Thus, in the case of the 0.98 ^m excitation, the energy 15 
conversion efficiency was larger than that of the prior art 
material. 

In the case of the 0.98 ^m excitation, the excitation was 
carried out in two stages of \sa ~^\ia ~^'^^i/2- Tbe 
reason for observation of the strong pe^ at 496 nm is 20 
presumed as follows. That is, in the chloride material of the 
present invention, the phonon energy of the matrix is smaller 
than the oxide or fluoride materials of the prior art and it is 
thus considered that the non-radiative transition of from the 
excited level to the just under level C^-jfi -^^^na) is hard 25 
to occur and the lifetime at the excited level is lengthened, 
so that the emission transition of ^¥yf2 -^^isa occurs. 

EXAMPLE 7 30 

An infrared-to-visible up-conversion material was pre- 
pared in an analogous marmer to Example 1 except using a 
material composition of ErClg: BaQj^^- (100-x) mol % 
and was excited by an LD light of 1.5 |im (power of 5 mW) 
to obtain an emission spectrum, in which the relationship 
between the peak intensity at 540-550 nm and x is shown in 
FIG. 10. The peak intensity substantially reaches the maxi- 
mum value at x=20-30 and the peak intensity at x=28 is 
enhanced by at least 40 times as large as that of FIG. 2. ^ 

The excitation spectrum (emission wavelength: 540-550 
nm) of the material of this Example, measured by the use of 
a wavelength variable LD. is shown in FIG. 11. The exci- 
tation peak is at 1.5355 |am and this wavelength is substan- 
tially in agreement with the maximum gain wavelength 
(1.536 ^m) of EDFA (Er dope fiber amp). 

EXAMPLES 

An infrarcd-to-visible up-convcrsion material was pre- 50 
pared in an analogous manner to Example 1 except using a 
material composition of ErOg: BaCl2=25: 75 mol % and 
was excited by an LD light of 0.8 pm (power of 75 mW) to 
obtain an emission spectrum shown in FIG. 12. The emis- 
sion spectrum of a commercially available article by the 55 
same measurement method is shown in FIG. 13. The ordi- 
nate of FIG. 13 is enlarged by 100 times as large as that of 
FIG. 12. The peak intensity of 540-550 nm in HG. 12 is 
enhanced by about 180 times or more as lai^ge as the same 
peak intensity of FIG. 13. 60 

An infrared-to-visible up-convcrsion material was pre- 
pared using a material composition of ErClj: BaCl2=x:(100- 
x) mol % and was excited by an LD light of 0.8 pm (power 
of 75 mW) to obtain an emission spectrum, in which the 
relationship between the peak intensity at 540-550 mn and 65 
x is shown in FIG. 14. At x=20-20, the peak intensity is 
substantially maximum. 
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In the chloride type material of the present invention, a 
strong emission peak was similarly observed at 496 nm by 
the excitation of 0.98 pm even if other compositions were 
used. 

EXAMPLE 9 

One embodiment of an infraied-to-visihle up-conversion 
material comprising ErBra and YBt^ in a proportion of 30: 
70 mol % will be given. 

The above described material was prepared by the fol- 
lowing procedure. 

Commercially available powdered reagents, ErBrg and 
YBrg (all powders being of at least 3N) were weighed in a 
predetermined proportion, pulverized in a mortar and simul- 
taneously stirred and mixed. The resulting mixed powders 
was charged in a crucible of glassy carbon and charged in an 
electric furnace maintained at 650° C, the temperature of 
the electric furnace being raised. The mixture was main- 
tained at a calcination temperature of 950** C. for 1 hour and 
adequately reacted, the temperature being gradually lowered 
at a rate of 5*" C7inin. When the furnace temperamre was 
lowered to about 650° C, the reaction mixture was taken as 
a sample. During the calcination, or Ar gas was always 
was flowed m the furnace to maintain an atmosphere to 
prevent mixing of oxygen or moisture. In order to prevent 
the raw material from oxidation due to contacting with 
oxygen or moisture, all the procedures of weighing of the 
reagents, preparation, melting and sintering were carried out 
in an N2 or Ar gas atmosphere. As the crucible, there could 
be used those of quartz, platinum or gold in addition to that 
of glassy carbon. 

The thus prepared infrared-io- visible up-conversion mate- 
rial was excited by an LD light of 1 .5 pm (power of 5 mW) 
to obtain an emission spectrum shown in HG. 15. The 
emission peak wavelengths were 405-415 nm, 520-550 nm, 
650-670 nm and 790-830 run. Above all, an emission 
intensity of 520-550 nm was strongest and seen as green by 
the naked eye. On the other hand, an infrared-to-visible 
up-conversion material (Er^'^conlaining fluoride) used in a 
commercially available article (IR Catcher-Mark II — com- 
mercial name — made by Tokin Corp.) was similarly irradi- 
ated by an LD light of wavelength 1.5 pm band to obtain an 
emission spectrum shown in FIG. 16. In HG. 16, the 
ordinate is enlarged by 5 times as large as that of FIG. 15, 
but it will be understood that in comparison of the emission 
spectra of FIG. 15 and FIG. 16, all the emission peak 
intensities in the visible range of 405-415 nm, 520-550 nm 
and 650-670 mn corresponding to the emission spectrum 
shown in FIG. IS are increased. FIG. 3 shows a 4f electron 
energy level of Er (3-I-) ion. In the emission spectra shown 
in FIG. 15 and FIG. 16, each of the peaks at 41 0 nm, 53 0 nm, 
545 nm, 660 nm and 810 nm is an emission by the radiative 
transition from the excited level of 4f electron of Er (3-I-) ion 
to the ground level, i.e. ^Hg^ ^'^^ij/z' ^^nn -^%5/2* ^^^n 
-^%sn^ ""Fga -^\5a %/2 -^\s/Z' The peak intensity 
of 520-550 nm in the emission spectrum in FIG. IS is 
enhanced by about 13 times as large as the same peak 
intensity of FIG. 16. 

An example of the mechanism which is considered as a 
545 imi emission process by irradiation of an infrared light 
of 1.5 pm band will be shown in the following. As shown in 
FIG. 3, there are caused a transition of from the ground level 
CI1S/2) of 4f electron of Er^ ion to the excited level (%3f2) 
and the transition of itom the above described excited level 
to the above described ground level Cl^n -^%5/2) 
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irradiation of an infrared light of 1.5 ^m. During the same 
time, the transition energy is transferred to another Er^"*" ion 
by non-radiation to cause two-stagewise excitation, of firom 
the excited level (^IjayJ to the further upper excited level 
i%a)' ^® similar energy transfer, three-stagewise exci- 
tation is caused from the excited level of Er^"^ ion to 
the further upper excited level (^H^ Thus, an emission of 
545 rmi is obtained by relaxation of from the above 
described excited level (^Hu^ of Er^ ion to the just below 
level C^2n) through non-radiation and transition of this 



level to the ground level f^S^ 



Since the bromide material of the present invention has a 
considerably weaker chemical bond of a cation and anion 
(Br) and thus a smaller phonon energy of the matrix than the 
oxide of fluoride materials of the prior art, the non-radiative 
transition of from the excited emission level to the just 
below level hardly takes place and the lifetime is lengthened 
at the excited level, whereby the green emission at 545 run 
is rendered stronger as compared with the prior art materials. 
From this point of view, it can be understood that the 
emission efficiency of the material of the present invention 
is increased more than not only oxide materials but also 
fluoride materials of the prior art. 

In this example, the material was prepared by a solid or 
liquid phase reaction, but when it was prepared by a gaseous 
phase reaction such as vacuum vapor deposition, sputtering 
vapor deposition or chemical vapor deposition (CVD), the 
similar effects were obtained. 

EXAMPLE 10 
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One embodiment of an infrared-to- visible up-conversion 
material comprising ErBrj. Yhi^ and KBr in a proportion of 
30:30:40 mol % will be given. - - 

Preparation of the sample was carried out in an analogous 
manner to Example 9. 

The resulting sample was excited by an LD light (5mW) 
of a wavelength of 1.5 fmi band to obtain an emission 
spectrum shown in FIG. 17. In this example, similar advan- 
tages to Example 9 were also obtained and the peak intensity 
of 520-550 in the emission spectrum in FIG. 17 was 
enhanced by about 2 times or more as large as the same peak 
intensity of FIG. 16. On the other hand, the peak intensity of 
650-670 imi was slightly decreased. 

Of these emission peaks, the intensity at which humans 
sensi is bright (spectral luminous efficacy) is, for 100 at a 
wavelength of 555 nm, about 97.5 at 520-550 nm and about 
6.5 at 650-670 nm. This means that the human eye has a 15 
times higher spectral luminous efficacy at 520-550 rmi than 
at 650-670 nm and briefly teaches that when the emission 
intensity at 520-550 imi is enhanced by 2 limes, a similar 
brightness can be felt even if the emission intensity at 
650-670 nm is lowered to V6o. Therefore, the increase of the 
emission peak intensity at 520-550 nm more than makes up 55 
for the decrease of that at 650-670 nm. 

EXAMPLE 11 

One embodiment of an infrared-io-visible up-conversion go 
material comprising ErBrg, KBr, PbBrj and YOj in a 
proportion of 20:30:30:20 mol % will be given. Preparation 
of the sample was carried out in an analogous maimer to 
Example 9. 

The resulting sample was excited by an LD light (5 mW) 65 
of a wavelength of 1.5 \im band to obtain an emission 
spectrum shown in FIG. 18. In this example, similar advan- 
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tages to Example 9 were also obtained and the peak inten- 
sities of 520-550 run and 650-670 nm in the emission 
spectrum in FIG. 18 were respectively enhanced by about 8 
times and about 2 times as large as the same peak intensity 
of HG. 16. 

EXAMPLE 12 

BrBrj used as a raw material of the sample in the 
foregoing example was excited by an LD light (5 mW) of a 
wavelength of .1.5 ^m band to obtain an emission spectrum 
shown in FIG. 19. In this example, similar advantages to 
Example 9 were also obtained and the peak intensities of 
520-550 mn and 650-670 nm in the emission spectrum in 
FIG. 19 were all enhanced by about 2.5 times as large as the 
same peak intensity of FIG, 16. 

EXAMPLE 13 

One embodiment of an infirared-to-visible up-conversion 
material comprising Erlj, YBrg and Csl in a proportion of 
30:20:50 mol % will be given. 

The above described material was prepared by the fol- 
lowing procedure. 

Commercially available powdered reagents, Erlj, YBrg 
and Csl (all powders being of at least 99,9%) were weighed 
in a predetermined proportion, pulverized in a mortar and 
simtiltancously grounded and mixed. The resulting mixed 
powder was then charged in a crucible of glassy carbon and 
charged in an electric furnace maintained at 650° C, the 
temperature of the electric furnace being raised. The mixture 
was maintained at a calcination temperature of 950° C, for 
1 hour and adequately reacted, the temperature being gradu- 
ally lowered at a rate of 5° Cymin. When the furnace 
temperature was lowered to about 650° C, the reaction 
mixture was taken as a sample. During the calcination, N2 or 
Ar gas was always flowed in the furnace to maintain an 
atmosphere to prevent mixing of oxygen or moisture. In 
order to prevent the raw material from oxidation due to 
contacting with oxygen or moisture, all the procedures of 
weighing of the reagents, preparation, melting and sintering 
were carried out in an N2 or Ar gas atmosphere. As the 
crucible, there could be used those of quartz, platinum or 
gold in addition to that of glassy carbon. 

The thus prepared infrared-to-visible up-conversion mate- 
rial was excited by an LD light of 1 .5 pm (power of 5 mW) 
to obtain an emission spectrum shown in FIG. 20, The 
emission peak wavelengths were 405-415 nm, 520-550 nm, 
650-670 nm and 790-830 run. Above all, an emission 
intensity of 520-550 nm, was the strongest and seen as green 
fluorescence by the naked eye. On the other hand, an 
infrared-to-visible up-conversion material (Er'"^ — contain- 
ing fluoride) used in a commerciaUy available article (IR 
Catcher-Mark II — conunercial name — made by Tokin KK) 
was similarly irradiated by an LD light of wavelength 1.5 
}jm band to obtain an emission spectaim shown in FIG. 2L 
In FIG. 21, the ordinate is enlarged by 5 times as large as that 
of FIG. 20, but it will be understood tiiat in comparison of 
the emission spectra of FIG, 20 and FIG, 21, the emission 
peak intensities at 405-415 nm and 520-550 nm in the 
emission spectrum shown in FIG. 20 are increased and the 
emission peak intensity at 650-670 imi is somewhat 
decreased. 

Of these emission peaks, the intaisity at which humans 
sense is bright (spectral luminous efficacy) is, for 100 at a 
wavelength of 555 nm, about 97.5 at 520-550 nm and about 
6.5 at 650-670 tmfi. This means that the human eye has a 15 
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times higher spectral luminous efficacy at 520-550 rmi than 
at 650-670 mn and briefly teaches that when the enussion 
intensity at 520-550 nm is enhanced by 2 times, a similar 
brightness can be felt even if the emission intensity at 
650-670 nm is lowered to '/^o. Therefore, the increase of the 
emission peak intensity at 520-550 nm more than makes up 
for the decrease of that at 650-670 nm. It will cleariy be 
understood from this result that the infrared-to-visible up- 
conversion material of this Example exhibits a much higher 
conversion efficiency in the up-conversion of wavelengths 
of 1.5 \jm band to the visible range than the prior art 
materials. 

FIG. 3 shows a 4f electron energy level of Er^ ion. In the 
emission spectra shown in FIG. 20 and FIG. 21, each of the 
peaks at 410 nm, 522 nm, 545 nm, 660 nm and 800 nm is 
an emission by the radiative transition of from the excited 
level of 4f electron of Er^"^ ion to the ground level, i.e. ^Hg/j 

^^9n -^\5n- The peak intensity of 520-550 nm in the 
emission spectrum in FIG. 20 is enhanced by about 15 times 
as large as the same peak intensity of FIG. 21. 

An example of the mechanism which is considered as a 
545 nm emission process by irradiation of an infrared light 
of 1.5 ^mi band will be shown in the following. As shown in 
FIG. 3, there are caused a transition of from the ground level 
i\5/2) of electron of Er'"^ ion to the excited level Cl^n) 
and the transition of from the above described excited level 
to the above described ground level Chs^ ->\s/2) by 
irradiation of an infrared light of 1,5 \im. During the same 
time, the transition energy is transferred to another Er^"^ ion 
by non-radiation to cause two-stagewise excitation of from 
the excited level Ch-sn) to the farther upper excited level 
(%/2)' Sy the similar energy transfer, three- stagewise exci- 
tation is caused from the excited level (%r2) of Er^ ion to 
the further upper excited level C^urd- Thus, an emission of 
545 nm is obtained by relaxation of from the above 
described excited level of Bp'*' ion to the just below 

level through non-radiation and transition of this 

level to the ground level C^^n ~^\sr2)- 

Since the iodide material of the present invention has a 
considerably weaker chemical bond of a cation and anion G) 
and thus a smaller phonon energy of the matrix than the 
oxide or fluoride materials of the prior art, the non-radiative 
transition of from the excited emission level to the just 
below level hardly takes place and the lifetime is lengthened 
at the excited level, where by the green emission at 545 nm 
is rendered stronger as compared with the prior art materials. 
From this point of view, it can be understood that the 
emission efSdency of the material of the present invention 
is increased more than not only oxide materials but also 
fluoride materials of the prior art. 

In this example, the material was prepared by a solid or 
liquid phase reaction, but when it was prepared by a gaseous 
phase reaction such os vacuum vapor deposition, sputtering 
vapor deposition or chemical vapor deposition (CVD), the 
similar effects were obtained. 

EXAMPLE 14 

One embodiment of an infrared-to-visible up-conversion 
material comprising Erlj, YI3 and Csl in a proportion of 
50:30:20 mol % will be given. 

Preparation of the sample was carried out in an analogous 
manner to Example 13. 

The resulting sample was excited by an LD light (5 mW) 
of a wavelength of 1.5 pm band to obtain an enussion 
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spectrum shown in FIG. 22. In this example, similar advan- 
tages to Example 13 were also obtained and the peak 
intensities of 520-550 nm and 650-670 nm in the emission 
spectrum in FIG. 22 were respectively enhanced by about 
1.5 times and about 2 times as large as the same peak 
intensity of FIG. 21. 



EXAMPLE 15 

One embodiment of an infi-ared-to-visible up-conversion 
material comprising Etij and YI3 in a proportion of 20:80 
mol % will be given. Preparation of the sample was carried 
out in an analogous maimer to Example 13. 

The resulting sample was excited by an LD light (5 mW) 
of 1 .5 pm to obtain an emission spectrum shown in FIG. 23, 
In this example, similar advantages to Example 13 were also 
obtained and the peak intensity of 520-550 nm in tiie 
emission spectmm in FIG. 23 was enhanced by about 2 
times as large as the same peak intensity of FIG. 21. 



EXAMPLE 16 

One embodiment of an infrared-to- visible up-conversion 
material comprising Erlg, YI3 and KBr in a proportion of 
30:30:40 mol % wiU be given. 

Preparation of the sample was carried out in an analogous 
manner to Example 13. 

The resulting sample was excited by an LD hght (5 mW) 
of 1 .5 )im to obtain an emission spectrum shown in FIG, 24, 
In this example, similar advantages to Example 13 were also 
obtained and the peak intensities of 520-550 nm and 
650-670 nm in the emission spectmm in FIG. 24 were 
respectively enhanced by about 2 times as large as the same 
peak intensity of FIG. 21. 



EXAMPLE 17 

One embodiment of an infrared-to- visible up-conversion 
material comprising Eria, YI3 and Csl in a proportion of 
30:30:40 mol % will be given. 

Preparation of the sample was carried out in an analogous 
manner to Example 13. 

The resulting sample was excited by an LD light (5 mW) 
of 1 .5 pm to obtain an emission spectrum shown in FIG. 25. 
In tills example, similar advantages to Example 13 were also 
obtained and the peak intensities of 520-550 nm and 
650-670 nm in the emission spectmm in FIG. 25 were 
respectively enhanced by about 4 times as large as the same 
peak intensity of FIG. 21. 
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EXAMPLE 18 

One embodiment of an infrared-to-visibie up-conversion 
material comprising Erl3 and YI3 in a proportion of 40:60 
mol % will be given. 

Preparation of the sample was carried out in an analogous 
manner to Example 13. 

The resulting sample was excited by an LD light (5 mW) 
of 1 .5 ^m to obtain an emission spectrum shown in FIG. 26. 
In this example, similar advantages to Example 13 were also 
obtained and the peak intensities of 520-550 nm and 650- 
670 nm in the emission spectrum in FIG. 26 were respec- 
tively enhanced by about 4 times and about 3.5 times as 
large as the same peak intensity of FIG. 21. 
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EXAMPLE 19 
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Erl3 used as a raw material of the sample in the above 
described example was excited by an LD light (5 mW) of 1 .5 
pm to obtain an emission spectrum shown in FIG. 27. In this 
example, similar advantages to Example 13 were also 
obtained and the peak intensities of 520-550 nm and 
650-670 nm in the emission spectnim in FIG. 27 were all 
enhanced by about 2.5 times as large as the same peak 
intensity of FIG, 21. 

As is evident from the foregoing illustrations and 
examples, the infrared-to- visible up-con version material 
consisting of an inorganic material comprising at least two 
elements of e±ium (Er) and halogens or compounds thereof 
according to the present invention is capable of exhibiting a 
more excellent conversion efficiency than prior art articles 
and a reradiated light containing spectral components in the 
visible range by irradiation of infrared lights of 1 .5 jim band, 
etc. and accordingly, it can be applied to an infrared light 
identification element having a useful conversion efficiency 
and sensitivity for infrared lights in the wavelengths 1.5 [mi 20 
band, 0.98 \sm band and 0.8 pm band without necessity of 
previous excitation. 

Furthermore, the infrared-to- visible up-conversion mate- 
rial of the present invention has an advantage that the 
wavelength conversion efficiency of from an irradiated light 
to the visible light and the visible light emission intensity 
can be stabilized for a long time. 

What is claimed is: 

1. An infrared-to-visible up-conversion material capable 
of emitting luminescence in a range of 520-550 nm and 
650-670 nm during irradiation, consisting of an inorganic 
material consisting essentially of: 
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(a) 


Er haHde selected from 


10 to 40 mol % where X = 


a 


'35 




ErXa wherein X = Q or Br 


10 to 50 mol % where X = 


Br 


(b) 


Rare earth halide selected 
finoin chlorides and bromides 
of La, Gd, Lu and Y 


0 to 80 mol % 






(c) 


Alkaline earth halide 


5 to 80 mol % 








selected from alkaline earth 






40 




chlorides and bromides 






(d) 


Pb halide selected from Pb 
chloride and Pb bromide 


0 to 60 mol %. 







2. An infrared-to-visible up-conversion material capable 
of emitting luminescence in a range of 520-550 nm and 
650-670 nm during irradiation, consisting of an inorganic 
material consisting essentially of: 



(a) 


£r halide selected from 


20 to 40 mol % 




ErXs wherein X = Q or Br 


where X = CI 
20 to 50 mol % 
where X = Br 


(b) 


Rare earth halide selected firom 
chlorides and bromides of La, Gd, Lo 
andY 


0 to 80 mol % 


(c) 


Alkali metal halids selected from 
alkali metal chlorides and bromides 


30 to 80 md % 


(d) 


Pb halide selected from Pb chloride 
and Pb bromide. 


0 to 60 mol % 



3. The infrared-to-visible up-conversion material as 
claimed in claim 1, wherein the inorganic material com- 
prises ErClj, YCI3, BaClj and PbCi^. 

4. The infrared-to-visible up-conversion material as 
claimed in claim 2, wherein the inorganic material com- 
prises ErQa, YQj, BaQz and NaCl. 

5. The infrared-to-visible up-conversion material as 
claimed in claim 1, wherein the inorganic material com- 
prises ErQa, YCI3. BaQj. 

6. The infrared-to-visible up-conversion material as 
claimed in claim 2, wherein the inorganic material com- 
prises ErQa, YCI3, KQ and AgCL 

7. The infitu^-lo-visible up-conversion material as 
claimed in claim 2, wherein the inorganic material com- 
prises ErQa, Ya3, PbClj and KQ. 

8. The infrared- to- visible up-conversion material as 
claimed in claim 1, wherein the inorganic material com- 
prises ErQaand BaCl^. 

9. The infrared-to-visible up-conversion material as 
claimed in claim 1, wherein the inorganic material com- 
prises ErBrg and YBr^, 

10. The infrared-to-visible up-conversion material as 
claimed in claim 2, wherein the inorganic material com- 
prises ErBrg, YBt^ and KBr. 

11. The infrared-to-visible up-conversion material as 
claimed in claim 2, wherein the inorganic material com- 
prises ErBr3, KBr, PbBr^ and YCI3. 

12. An infrared light detecting element coated with the 
infrared-to-visible up-conversion material according to 
claun 1. 

13. An infrared light detecting element coated with the 
infrared-to-visible up-conversion material according to 
claim 2. 
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